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■ n this article, we examine the socioeco- 
I logical determinants — the biological, 
I geographic, and built environment 
factors — that influence risk for prediabe- 
tes and type 2 diabetes. A socioecological 
perspective looks beyond the individual 
to evaluate a multitude of influences, 
from the surrounding home, work, 
school, and community environments to 
social determinants and the influence of 
public policy on individual behavior (1). 
Figure 1, adapted from the Institute of 
Medicine socioecological model of child- 
hood obesity, provides a good framework 
for understanding potential socioecological 
determinants of risk for type 2 diabetes. 

In November 2012, the American 
Diabetes Association Prevention Com- 
mittee convened a writing group to re- 
view the evidence on socioecological 
factors contributing to recent increases 
in prediabetes and type 2 diabetes. Draw- 
ing from the work of the committee, in this 
article we review the overarching evidence- 
based contributions of socioecological fac- 
tors to risk for type 2 diabetes. Rather than 
incorporate the entire universe of relational 
observations, this scientific statement is 
intended to evaluate the extent to which 
data indicate a contributing role of social 
and environmental factors to the current 
epidemic of type 2 diabetes. 
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Epidemiological trends in 
obesity and diabetes— The 

world is in the midst of parallel and 
rapidly advancing epidemics — obesity 
and type 2 diabetes — that began in the 
latter half of the 20th century and con- 
tinue to grow, unchecked. Current prev- 
alence rates are staggering and are 
expected to continue to climb over the 
ensuing decades. 

In the U.S., one-third of adults and 
16-18% of youth are obese (2), up from 5 
to 6% three decades ago (Fig. 2). Increases 
in rates of type 2 diabetes have closely 
followed the increases in obesity. In the 
U.S., diabetes affects 8.3% of the popula- 
tion, including 18.8 million with diag- 
nosed diabetes and another 7 million 
who remain undiagnosed (3,4). An addi- 
tional 35% of U.S. adults, or 79 million 
Americans aged ^20 years, have predia- 
betes and are therefore at increased risk 
for developing type 2 diabetes. Moreover, 
it is estimated that one in three American 
adults will have diabetes by the year 2050 
if current trends continue (5). 

These epidemics have become global. 
An estimated 500 million people world- 
wide are obese, and another 1 .5 billion are 
overweight (Table 1). Further, 2.8 million 
people die each year (7) due to over- 
weight and obesity. 



In 2011, 366 million people world- 
wide had diabetes. In that same year, 
diabetes caused 4.6 million deaths (8). 

The International Diabetes Federa- 
tion estimates that by 2030, the number 
of individuals with diabetes will rise by 
almost 43% to 552 million. In 2011, 
about 280 million people had prediabetes 
(8); by 2030 this number is expected to 
rise to nearly 400 million. 

Globalization and westernization of 
the developing world continue to con- 
tribute to the rapid worldwide growth of 
type 2 diabetes and obesity (9). 

Current consequences of 
the obesity and diabetes 
epidemics — These parallel epidemics 
present serious global crises with signifi- 
cant public health and economic conse- 
quences. In the U.S., diabetes is the 
seventh leading cause of death, with a 
doubling of the risk of death in people 
with diabetes compared with those with- 
out diabetes (10). And these data may un- 
derrepresent the problem as death 
records may not accurately portray the 
extent to which diabetes contributes to 
mortality (11). 

The rising prevalence of type 2 di- 
abetes has contributed substantially to the 
increasing prevalence of complications 
related to the disease. In the U.S., the 
number of people aged &35 years with 
diabetes and self-reported heart disease 
or stroke increased from 4.2 million to 
7.6 million from 1997 to 2011. Similarly, 
the number of persons who initiated treat- 
ment for end-stage renal disease attributable 
to diabetes increased from over 2,600 in 
1980 to over 48,000 in 2008 (12). 

Diabetes also affects the workforce 
and work productivity. Insurance costs 
average 2.3 times higher for people with 
diabetes than for those without diabetes; 
while annual insurance costs for people 
without diabetes average $5,615, for peo- 
ple with diabetes those costs rise to 
$12,915. Diabetes is also a significant 
predictor of lost work productivity and 
health-related work limitations (13). 

There are also potential ramifica- 
tions of overweight, obesity, and diabetes 
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Figure 1 — Levels and sectors of influence on obesity and diabetes risk (progress in preventing childhood obesity) (© 2007 the National Academies 
Press). SES, socioeconomic status. 



on the military. Currently, one out of every of obesity and type 2 diabetes in youn- 

four military recruits is overweight or ger populations may limit the potential 

obese and unable to join the armed pool of military recruits and military 

forces (14). The increasing prevalence readiness. 

Age-Adjusted Prevalence of Obesity and Diagnosed Diabetes 
Among U.S. Adults Aged 18 Years or Older 
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Figure 2 — Obesity (A) and diabetes (B) trends among U.S. adults, 1994-2010 (Behavioral Risk 
Factor Surveillance System [BRFSS]) (ref. 6). 



Costs for diagnosed and undiagnosed 
diabetes are even more staggering (Table 
2). In the U.S., the total cost of diagnosed 
diabetes in 2012 was $245 billion (15), 
which includes $176 billion in direct 
costs and $69 billion in reduced produc- 
tivity. This represents a 41% increase 
from the last estimate of $174 billion in 
2007. Gestational diabetes mellitus, pre- 
diabetes, and undiagnosed diabetes cost 
an additional $217 billion a year. Cur- 
rently one in five health care dollars is 
spent caring for someone with diagnosed 
diabetes. Nearly one out of three Medicare 
recipients has diagnosed diabetes (16), 
and diabetes represents a disproportion- 
ate amount — nearly one-third — of the 
Medicare budget (17). 

These new data attribute the higher 
costs to changing demographics in the 
U . S . ; an increasing prevalence of diabetes , 
with a 27% growth in the disease pre- 
valence in the last 5 years; decreasing 
mortality; and refinement of the data 
calculations. 

Socioecological perspective 
of prediabetes and diabetes 
risk — While much research on risk fac- 
tor assessment and obesity and diabetes 
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Table 1 — Definitions of overweight and 
obesity* 

Adults 

Overweight is defined as a BMI (a ratio of 
weight m kilograms to the square of 
height in meters) of 25.0-29.9 kg/m 2 . 
Obesity is defined as a BMI of >30 kg/m 2 . 
Children and adolescents 

Overweight and obesity in children are 
defined by categories based on the CDC 
age- and sex-specific growth curves. 
Overweight, including obesity, is defined 
as a BMI at or above the 85th percentile. 
Obesity is defined as a BMI at or above the 
95th percentile. 

*BMI thresholds vary by race/ethnicity, and some 
ethnic groups are at elevated risk at lower BMIs. 



risk reduction has focused on the 
individual, a socioecological perspective 
recognizes the influence of social and 
environmental factors on those risks. As 
noted in a recently released report, U.S. 
adults have among the highest rates of 
diabetes and death from ischemic heart 
disease compared with rates from other 
high-income countries (18). Factors such 
as unhealthy behaviors, economic and so- 
cial conditions, policy and social norms, 
environmental influences, and inade- 
quate health care are thought to contrib- 
ute to this risk. This is not a new concept. 
In 1993, Hurowitz (19) discussed the 
relative contribution of "socioeconomic 
factors" to illness and death. Socioecolog- 
ical models have been used to frame pre- 
vention strategies in other areas, 
including injury prevention (20) and obe- 
sity (4). 

Figure 1, adapted from the Institute 
of Medicine socioecological model of 
childhood obesity, provides a good 
framework to also understand potential 



socioecological determinants of diabetes 
risk. 

Due to the broad scope of social and 
environmental influences on diabetes, we 
did not encompass all observations in this 
article but aimed to include overarching 
research-backed attributes that tied social 
and environmental factors to diabetes 
risk. This scientific statement is not in- 
tended to recreate the wealth of evidence 
or rigorously outlined strategies (4) sur- 
rounding obesity prevention but to eval- 
uate the extent to which data indicate a 
contributing role of social and environ- 
mental factors to the current diabetes 
and obesity epidemics. 

Socioecological influences in 
obesity ana diabetes risk— As 

illustrated in Fig. 1 , there are various lev- 
els and sectors of influence on obesity and 
diabetes risk. These social and environ- 
mental influences are ultimately mediated 
through increases in energy intake rela- 
tive to energy expenditure. Here we de- 
scribe changes in patterns in food 
consumption and physical activity in re- 
lation to diabetes risk, followed by con- 
crete examples of factors beyond the 
individual and involving broader societal 
and environmental factors that contribute 
to increased diabetes risk through either 
or both of these mechanisms. We have 
limited our review to areas that are data- 
rich relative to their influence on diabetes 
risk. We have thus not addressed certain 
other areas such as the effect of public 
policy and social media, as the data in 
these areas focus primarily on intermedi- 
ary behaviors rather than diabetes risk. 

Patterns in food consumption and 
obesity and diabetes risk 

Socioecological influences in obesity 
and diabetes risk are mediated through 



increased food and beverage intake and 
changes in physical activity. Patterns of 
food consumption over the last few dec- 
ades suggest factors beyond the individ- 
ual, which contribute to increased calorie 
intake. In the U.S., data compiled by the 
Centers for Disease Control and Preven- 
tion (CDC) and the National Center for 
Health Statistics show that total caloric 
intake increased from 2,450 kcal/day in 
the 1970s to 2,656 kcal/day in the 2000s 
in males aged &20 years and increased 
from 1,542 kcal/day to 1,811 kcal/day in 
females aged &20 years during the same 
time period (21). Moreover, daily total 
energy intake increased in parallel in chil- 
dren aged 2-18 years from 1 ,842 kcal/day 
to 2,022 kcal/day from the periods of 
1977-1978 to 2003-2006 (22). 

Portion size increases may have con- 
tributed in part to the excess calorie 
intake seen in the last few decades. In- 
deed, portion sizes of soft drinks, fruit 
drinks, and fast food have all increased for 
both children and adults since the 1970s 
(23). Retail food promotions, excess 
availability of calorie-dense food, and in- 
crease in food consumption away from 
the home are all possible contributing fac- 
tors (24). 

The U.S. food supply has been high in 
fat for many years, and the additional 
energy intake seems to have come from 
carbohydrates and possibly from increased 
added sugar. A food supply high in sugar 
and fat is also high in energy density. 
Controlled research has clearly shown 
that all of these factors — high sugar, high 
fat, and high energy density — increase vol- 
untary energy intake (25). 

Observational research also relates 
weight gain to qualitative components 
of the diet. One prospective evaluation 
involving three separate cohorts included 
over 120,000 men and women free of 



Table 2 — Annual per capita health care expenditures in the U.S. by diabetes status, 2012 (in actual dollars) 



Cost component 


With 
diabetes ($) 




Unadjusted 




Adjusted for age and sex 




Without 
diabetes ($) 


Ratio of cost with diabetes 
to without diabetes 


Without 
diabetes ($) 


Ratio of cost with diabetes 
to without diabetes 


Attributed to 
diabetes ($) 


Institutional care 
Outpatient care 


6,907 


1,436 


4.8 


2,839 


2.4 


4,067 


Outpatient medications 














and supplies 


3,734 


778 


4.8 


1,340 


2.8 


2,394 


Total* 


13,741 


3,495 


3.9 


5,853 


2.3 


7,888 



Adapted from ref. 15. Data sources: Nationwide Inpatient Sample (NIS) (2010), National Nursing Home Survey (NNHS) (2004), National Ambulatory Medical Care 
Survey (NAMCS) (2008-2010), National Hospital Ambulatory Medical Care Survey (NHAMCS) (2007-2009), Medical Expenditure Panel Survey (MEPS) (2006- 
2010), National Home and Hospice Care Survey (NHHCS) (2007), National Health Interview Survey (NHIS) (2009-2011), and the U.S. Census Bureau (2012). 
'Numbers do not necessarily sum to totals due to rounding of supporting data. 
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chronic disease at baseline and found that 
increased consumption of potato chips, 
potatoes, sugar-sweetened beverages 
(SSBs), unprocessed red meat, and pro- 
cessed meats was positively associated 
with weight gain, while intake of fruits, 
vegetables, whole grains, nuts, and yo- 
gurt was inversely associated with weight 
gain (26). A 15 -year prospective analysis 
of the Coronary Artery Risk Development 
in Young Adults (CARDIA) study evalu- 
ating cardiovascular risk factor develop- 
ment in young adults showed that 
increased fast food consumption was as- 
sociated with an increase in both weight 
gain and insulin resistance as compared 
with infrequent fast food consumption 
(27). In the Nurses' Health Studies, con- 
sumption of whole grains, cereal fiber, 
and polyunsaturated fatty acids was asso- 
ciated with reduced risk of diabetes, 
while consumption of rapidly absorbed 
carbohydrates and trans fat was associ- 
ated with increased diabetes risk (28- 
30). 

Several large studies with long dura- 
tion of follow-up show a strong relation- 
ship between SSB consumption and type 
2 diabetes. In a study following over 
50,000 women for 8 years, consumption 
of > 1 SSB per day was associated with an 
83% greater risk of developing type 2 di- 
abetes compared with consumption of 
< 1 SSB per day, with BMI being a signif- 
icant mediator of that risk (31). Similar 
findings have been shown in several other 
large prospective studies. An analysis by 
Malik et al. (32), which pooled together 
1 1 prospective studies evaluating risk of 
metabolic syndrome and type 2 diabetes 
with SSB intake, included over 300,000 
participants and over 15,000 cases of type 
2 diabetes and demonstrated a 26% 
greater risk of developing type 2 diabetes 
in individuals in the highest category of 
SSB intake compared with those in small- 
est category of intake. 

There is agreement that the U.S. food 
supply is high in sugar, fat, and energy 
density and that such a food supply is 
associated with increased energy intake. 
We have far less agreement and data on 
the effect of modifying individual com- 
ponents of food on food intake and di- 
abetes risk. Such research is needed and 
could help develop better interventions to 
prevent obesity and diabetes. 

Changes in physical activity and 
obesity and diabetes risk 

Concomitant with the changes in food 
availability and consumption, studies 



reveal that recommended levels of phys- 
ical activity are not being met. Despite an 
increase from the previous decade, only 
19% of adults are meeting current phys- 
ical activity guidelines. According to the 
recent Institute of Medicine report "Accel- 
erating Progress in Obesity Prevention: 
Solving the Weight of the Nation" (4), 
while there is an overall increase in 
leisure-time physical activity, there has 
been an overall decline in active transpor- 
tation (e.g., walking, biking). In children 
and adolescents, there have been de- 
creases in physical education classes, re- 
ported availability of leisure time, and in 
active transport (walking/bicycling to 
school). Increased use of digital media 
and decreased access to and incorpora- 
tion of physical activity in normal home, 
work and school routines have all con- 
tributed to not meeting recommended 
physical activity goals. 

Just as with dietary patterns, both 
epidemiological and interventional stud- 
ies suggest an increased risk of obesity 
and diabetes with decreased physical 
activity. In some countries, such as Great 
Britain and the Netherlands, reduced 
energy expenditure is thought to be a 
greater contributor to current obesity 
trends than increased food intake (33). 
Sedentary behavior such as prolonged 
television watching in particular confers 
increased risk of obesity and diabetes. In 
the Nurses' Health Study, for example, 
every 2-h/day increment of time watch- 
ing television was associated with a 23% 
increase in obesity and a 14% increased 
risk of diabetes, while a 2-h/day incre- 
ment of standing or walking was associ- 
ated with a 12% reduction in risk and 
each 1-h/day increment of brisk walking 
was associated with a 34% reduction in 
risk (34). 

Relationship of the environment with 
changes in food consumption and 
physical activity 

The influence of changes in food con- 
sumption and physical activity trends on 
obesity and diabetes risk has been exac- 
erbated by accompanying environmental 
changes. Here we review several examples 
and the evidence of their contribution to 
obesity and diabetes risk. 
1. Effects of global urbanization and 
acculturation. Urbanization and eco- 
nomic growth may contribute to in- 
creased diabetes risk through a number 
of factors: from increasing access to high- 
fat, calorie-dense foods and beverages 
to promoting consumption of larger 



portions, and increased processed foods 
prepared outside of the home (35). While 
increasing efficiencies in everyday home 
and work life, advances in technology and 
transportation may also contribute to 
decreased energy expenditure and in- 
creased time engaged in sedentary life- 
style behaviors. 

Several studies in the developing 
world have evaluated impact of urbani- 
zation on diabetes prevalence. An evalu- 
ation in China, which saw a greater than 
twofold increase in diabetes prevalence 
from 3% in 1994 to 7-10% in 2008, 
found that diabetes was approximately 
twice as prevalent in high versus low ur- 
banized areas, even after accounting for 
factors such as community, province, 
age, sex, and household income. Mo- 
dern markets, as described by the num- 
ber of grocery stores, cafes, internet cafes, 
restaurants, mobile eateries, fast food 
restaurants, and ice cream parlors in 
the community, were positively associ- 
ated with diabetes prevalence, as were 
community-level factors such as trans- 
portation infrastructure (presence and 
higher number of paved vs. gravel or 
dirt roads and bus and/or train stations 
in the community) and communications 
(percentage of households with a televi- 
sion, computer, or cell phone and pres- 
ence of a cinema, newspaper, and 
telephone service in the community) 
(36). Similar associations between urban- 
ization and cardiovascular risk factors and 
diabetes have been documented in other 
countries (37-40). 

Of note, while global urbanization is 
resulting in increases in the prevalence of 
diabetes worldwide, in the U.S., there 
remains a disproportionately high preva- 
lence of diabetes in rural communities. 
Indeed, some studies report higher rates 
of diabetes and obesity in rural areas 
compared with urban centers in the U.S. 
(41-45). This is likely related to a multi- 
tude of other social and environmental 
influences, such as poverty, low socioeco- 
nomic status, and reduced access to 
health care, as well as attributes of the 
built and neighborhood environments, 
such as access to safe walkable communi- 
ties and healthy food establishments, as 
discussed below. In a study of behaviors 
and weight status in rural U.S. communi- 
ties, eating out frequently at buffets, cafe- 
terias, and fast food restaurants was 
associated with higher rates of obesity, 
and perceiving the community as un- 
pleasant for physical activity was also as- 
sociated with obesity (46). 
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Migration studies also suggest an in- 
fluence of acculturation on obesity and 
diabetes risk. Lifestyle changes — increased 
calorie consumption and decreased 
physical activity — in the new environ- 
ments are thought to be key drivers 
of the acculturation effect. In the 
Multi-Ethnic Study of Atherosclerosis 
(MESA), greater acculturation, assessed 
by nativity, number of years in the 
U.S., and language spoken at home, 
was associated with higher diabetes 
prevalence in non-Mexican-origin His- 
panics. This was partly mediated by BMI 
and diet (47). Studies in Japanese and 
Chinese Americans have also demon- 
strated higher diabetes prevalence asso- 
ciated with greater acculturation to a 
"Western" lifestyle (48,49). Similar ex- 
amples are seen on the international level. 
Studies of Indian immigrants living in 
Western countries suggest influences of 
both dietary and activity changes, with in- 
crease in consumption of meat products 
and soft drinks, and lower levels of physical 
activity compared with those living in India 
(50). 

2. Social determinants and the com- 
munity environment. Social determi- 
nants of mortality and diabetes risk are 
also recognized, with factors such as 
poverty and education level contributing 
to mortality and health risk (5 1 , 5 2) . Here , 
too, social determinants may influence di- 
abetes risk by affecting access to and 
practice of healthy behaviors in the sur- 
rounding environment. Zip code, reflec- 
tive of the socioeconomic environment, 
is increasingly recognized as a determi- 
nant of diabetes and complications. 
People living in low-income communi- 
ties are more likely to be hospitalized for 
diabetes or related complications com- 
pared with those living in affluent areas 
(53) . A randomized social experiment by 
Ludwig et al. (54) illustrates the impact 
of the neighborhood environment on 
health outcomes. In this study of over 
4,000 women with children living in 
high-poverty urban public housing, 
moving from a high-poverty area to a 
low-poverty census tract was associated 
with modest reductions in the preva- 
lence of extreme obesity and diabetes at 
10-15 years of follow-up. 
a. The community and the built envi- 
ronment. Physical and built environ- 
ments significantly influence the 
likelihood of population-level engage- 
ment in physical activity and contribute 
to health risk and disparities. The built 
environment refers to "environments that 



are modified by humans, including 
homes, schools, workplaces, highways, 
urban sprawl, and accessibility to ameni- 
ties, leisure, and pollution" and can con- 
tribute to diabetes risk through access to 
physical activity and other factors such as 
stress (55). Features of the neighborhood 
and built environment that influence 
physical activity include walkability/bike- 
ability, community design, accessible des- 
tinations, safe intersections, green spaces, 
public transit availability, and availability 
of recreational facilities, promotion of 
neighborhood and social interactions, as 
well as personal safety within the environ- 
ment. "Urban sprawl" is characterized by 
homes being far from community ameni- 
ties, which require transit on busy, high- 
speed roads that are not conducive to 
walking or biking and increase vehicular 
transit time. The direct impact of the com- 
munity and built environment on diabetes 
risk per se is a relatively new area of study, 
but studies on its effects on weight, BMI, 
and activity levels, primary risk factors for 
diabetes, illustrate its potential influence. 

Such features of the built environ- 
ment decrease physical activity, affect 
body weight, and thus have the potential 
to increase risk of diabetes. Higher BMIs 
have been noted in communities typified 
by this "urban sprawl" (56,57), likely re- 
lated to decreased physical activity. In- 
creased vehicular transit time has been 
noted in these urban environments and 
is associated with obesity. In a merged 
analysis from the California Health Inter- 
view Survey 2001, U.S. 2000 Census, and 
the California Department of Transporta- 
tion, obesity and physical inactivity were 
significantly associated with vehicle miles 
of travel, and the highest mean rank obe- 
sity was associated with the highest rank 
of vehicle miles of travel (58). Another 
analysis reported a 6% increase in likeli- 
hood of obesity with each additional hour 
spent in a car per day and a 4.8% decrease 
in likelihood of obesity with each addi- 
tional kilometer walked per day. Safe, 
walkable neighborhoods with a mixed- 
use community design are more condu- 
cive to active transportation and are 
associated with less automobile use and 
lower BMIs (59). Furthermore, safe 
neighborhoods facilitate more outdoor 
play and recreation for children and fam- 
ilies, and the lack of these promotes more 
sedentary indoor activities, which in turn 
is a risk factor for overweight and obesity. 

Convenient access to recreational 
areas and facilities also factors into health 
risk. In the National Longitudinal Study 



of Adolescent Health, lower socioeco- 
nomic status and high-minority residen- 
tial blocks had reduced access to physical 
activity/recreational facilities. This was 
associated with decreased physical activ- 
ity and increased overweight (60). Con- 
versely, an increase in the number of 
recreational facilities is associated with 
both increased moderate-vigorous physi- 
cal activity and decreased prevalence of 
overweight. Sallis et al. (61) also re- 
ported a 20-45% increased risk of over- 
weight and obesity in children lacking 
access to sidewalks, paths, parks, play- 
grounds, or recreational centers. 
h. The community and the food environ- 
ment. The community environment also 
influences access to and consumption of 
healthy foods and may contribute to or 
reinforce health disparities. The term 
"food desert" is now used to refer to areas 
with limited access to affordable nutri- 
tious foods (62). These food desert com- 
munities have limited proximity to 
supermarkets and grocery stores and 
may have no food access or are served 
by less nutritious convenience stores or 
fast food restaurants (63). Food deserts 
disproportionately affect lower-income, 
minority, and rural neighborhoods, 
while access to fast food restaurants and 
energy-dense foods is higher in lower- 
income and minority neighborhoods 
(64-66). Most of the studies evaluating 
effect of food deserts are cross-sectional 
and thus cannot be interpreted for cau- 
sality, but highlight the potential ef- 
fect on diet and health and the need 
for additional studies and intervention 
strategies. 

Access to neighborhood grocery 
stores and farmers' markets appears to 
be associated with healthier food intake 
and lower levels of overweight and obe- 
sity (65,67-69), while greater availability 
of fast food restaurants and lower prices 
of fast food restaurant items appear to be 
associated with poorer diet. In one study 
evaluating the effect of proximity to fast 
food restaurants on obesity among ninth 
graders, the rate of obesity in the ninth 
graders increased by 5.2% for schools lo- 
cated within 0.10 mile of a fast food res- 
taurant compared with schools located 
within 0.25 miles. The same study eval- 
uated the effect of distance to fast food 
restaurant on weight gain during preg- 
nancy and found that living within 
half a mile of a fast food restaurant in- 
creased the likelihood of gaining more 
than 20 kg during pregnancy by 2.5% 
(70). 
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Another related phenomenon, 
termed "food insecurity," refers to limited 
or uncertain access to food resulting from 
inadequate financial sources. Rates of 
food insecurity have been rising in the 
U.S. since 1999, with a reported 12% of 
the population living in households expe- 
riencing food insecurity in 2004. A rela- 
tionship between food insecurity and 
diabetes prevalence has been documented 
in cross-sectional analysis of the National 
Health and Nutrition Examination Survey 
(NHANES) 1999-2002, with participants 
with severe food insecurity having an ap- 
proximately twofold risk of diabetes com- 
pared with those without food insecurity, 
which persisted even after accounting for 
BMI (71). In the circumstances of food 
insecurity, it is possible that individuals 
rely more heavily on less nutritious, in- 
expensive, calorie-dense food alterna- 
tives, again highlighting the importance 
of affordable access to good-quality nu- 
tritious food. 

c. Work and home environments. While 
enhancing efficiencies of work and com- 
munication, technological advances have 
significantly redefined work environments. 
Several studies have documented a high 
level of sedentary behavior in the work 
environment, which is often prolonged, 
defined as &20 min, as well as less en- 
gagement in light-intensity activity dur- 
ing working hours (72-75). Increased 
sedentary behavior appears to dispro- 
portionately affect professional, mana- 
gerial, white collar jobs compared with 
technical or blue collar jobs. Time spent 
in sedentary behaviors — whether it is 
television viewing at home or sitting or 
screen time at work — is now considered 
an independent risk factor for several 
health outcomes (34,72,74,76-97). 
There is a large pool of evidence associ- 
ating sedentary behavior with increased 
obesity, diabetes, and cardiovascular 
risk, as well as premature mortality, 
but only a suggestion that interventions 
that decrease or interrupt sedentary be- 
havior in the work environment may 
improve metabolic risk (98-100). 
Church et al. (101) estimated that phys- 
ical activity in the workplace has de- 
creased by 120-140 kcal/day over the 
past five decades. 

Home environment mediators may 
also contribute to health disparities. In the 
Neighborhood Impact on Kids Project, for 
example, children from lower socioeco- 
nomic status homes, associated with in- 
creased overweight/obesity, had greater 
media access in their bedrooms, higher 



daily screen time and lower access to 
portable play equipment, such as bikes 
and jump ropes, compared with children 
from higher socioeconomic status homes 
(102). Intervention trials are necessary to 
validate this hypothesis. 

Home environments have also evolved 
over the last decades, with increased and 
more prominent television and digital me- 
dia exposure contributing to sedentary be- 
havior, increased availability and use of 
labor-saving devices in the home environ- 
ment, and cultural shifts in eating patterns 
at home (4). Archer et al. (103) estimated 
that energy expended in household work 
has declined by 25% since 1965. Families 
are eating fewer meals together (104), with 
more calories consumed outside of the 
home, and fast food and less nutritious 
foods and beverages are being consumed 
more frequently at home than previously (4). 
Sociological factors such as single-parent 
homes or two working parents have been 
invoked as contributors. 
d. School and the surrounding environ- 
ment. There is increasing recognition and 
focus on the importance of the school 
environment in students' eating and 
physical activity behaviors. The school 
environment directly influences quantity 
and quality of food availability, with 
increasing portion sizes and more en- 
ergy-dense foods available to children 
and adolescents in the school environ- 
ment. The school environment is an im- 
portant determinant of access to physical 
education and cultural norms surround- 
ing eating and physical activity behaviors. 
Academic priorities and limited availabil- 
ity of qualified staff and resources saw a 
decrease in emphasis on physical educa- 
tion activity in the 1990s. In high-school 
students, the percent attending physical 
education classes daily declined from 
41.6% in 1991 to 33.3% in 2009 (4). As 
with adults, active transport (i.e., walking 
or biking to school) has also decreased 
from 20.2% of school trips in 1977 to 
12.5% of school trips in 2001 (4). School 
food environments have also changed 
over the last few decades, with more avail- 
ability and promotion of high-calorie 
foods and snacks (105). 

The environment surrounding schools 
is also associated with food choices 
and eating behaviors and may also con- 
tribute to socioeconomic health dis- 
parities. Babey et al. (106) report that 
adolescents who live and attend school in 
areas with more fast food restaurants and 
convenience stores are more likely to con- 
sume soda and fast food compared with 



those who live and attend school in 
healthier food environments. 

The importance of the school envi- 
ronment in modifying risk for over- 
weight, obesity, and type 2 diabetes is 
highlighted in the HEALTHY study (107) 
and in other school-based intervention 
studies evaluating glucose and diabetes 
risk (108,109). In the HEALTHY study, 
4,603 students across 42 schools were as- 
signed to a multicomponent school-based 
intervention addressing nutrition, physi- 
cal activity, behavioral knowledge and 
skills, and communications and social 
marketing, compared with a control arm 
followed for assessment only. Students 
were evaluated at the beginning of the 
sixth grade and at the end of the eighth 
grade. Although there was a decrease in 
the combined prevalence of overweight 
and obesity in both the intervention and 
the control schools, the intervention 
schools had greater reductions in BMI z 
score, percentage of students with waist 
circumference at or above the 90th per- 
centile, fasting insulin levels, and a near- 
significant reduction in the prevalence of 
obesity (P = 0.05). Among the ~50% of 
students who were overweight or obese at 
the beginning of the sixth grade, there 
was a significant 21% decrease in risk of 
being obese at the end of the eighth grade 
in the intervention schools. Although 
mean plasma glucose levels did not signif- 
icantly differ, it was notable that 30% of 
those who were in the 95th% percentile 
or higher of BMI in the eighth grade had 
glucose levels of 100 mg/dL or higher 
compared with 19% of those under the 
85th percentile. 

Addressing obesity and 
lifestyle changes is critical in 
preventing diabetes and 
prediabetes— Nearly 26 million 
American adults have diabetes (3). More- 
over, almost 80 million have prediabetes, 
defined by impaired glucose tolerance 
(IGT) or impaired fasting glucose, placing 
them at substantially increased risk for 
developing type 2 diabetes and cardiovas- 
cular disease (110-113). The prevalence 
of diabetes in the U.S. is expected to dou- 
ble over the next 30 years, making it a 
major public health priority (114,115). 
The development of sustainable strategies 
to prevent the development of diabetes 
remains a mounting challenge for the 
health of the U.S. population. 

Increasing evidence that type 2 
diabetes may be prevented or delayed 
by lifestyle modification interventions 
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designed to achieve modest weight loss 
and increase physical activity serves as the 
premise for large-scale interventions 
(116-118). Indeed, the relationship be- 
tween obesity and diabetes is of such in- 
terdependence that the term "diabesity" 
has been coined (10). The first study to 
document this link was conducted in Da 
Qfng, China (117). In this study, 577 
adults with IGT were randomized by 
clinic site to one of three conditions or a 
no treatment control: a diet-only inter- 
vention, an exercise only intervention, 
or a combined diet and exercise interven- 
tion. The cohort was followed initially for 
6 years with the end point being the de- 
velopment of type 2 diabetes. After 6 
years, the diet-only condition reduced 
risk of converting to type 2 diabetes by 
31%, the exercise only condition by 
46%, and the combined diet and exercise 
condition by 41%. The association be- 
tween lifestyle and diabetes among indi- 
viduals with increased risk was further 
substantiated by the Finnish Diabetes Pre- 
vention Study (FDPS) and the Diabetes 
Prevention Program (DPP) (118,119). In 
the FDPS, 522 individuals at five centers 
in Finland who had IGT were randomized 
to a diet intervention or control group. 
Intervention subjects were given detailed, 
individualized instructions of dietary 
changes to achieve a weight loss of at least 
5%. In addition, supervised exercise ses- 
sions were offered. The results showed 
that subjects in the intervention group 
had a 58% reduction in risk. This finding 
was replicated in the DPP, which studied 
3,234 adult participants with IGT from 
27 centers across the U.S. (119). 

The DPP was unique in comparison 
with the previous studies in that it had a 
very heterogeneous population with 45% 
minority representation. Moreover, it was 
the first study to compare a lifestyle in- 
tervention with medication. Subjects 
were randomized to one of four condi- 
tions: lifestyle with a goal of 7% weight 
loss and at least 150 min/week of 
moderate-intensity physical activity, thera- 
peutic intervention with metformin, med- 
ication using troglitazone that was later 
stopped due to potential liver toxicity, or a 
placebo control. The results showed that 
metformin reduced risk by 31%. The 
lifestyle condition, on the other hand, re- 
duced risk by 58% overall and nearly 70% 
in individuals aged &65 years. Thus, life- 
style was nearly twice as effective as the 
medication option. 

Collectively, these studies illuminate 
the vital role that lifestyle modification 



plays in preventing type 2 diabetes in 
high-risk individuals. Aside from family 
history, obesity is the most significant risk 
factor for type 2 diabetes. Research has also 
demonstrated that primary prevention pro- 
grams can be effectively implemented in 
community settings in a cost-effective 
manner (120-122). This illustrates that 
diabetes prevention interventions could 
potentially be scalable on a national level 
given sufficient support. 

Call to action— To date, interven- 
tion for the prevention of diabetes has 
followed a medical model of identifica- 
tion of individuals at risk and enrollment 
of at-risk volunteers into one-on-one or 
small group intervention trials. It is es- 
sential to better understand how social 
and environmental variables influence 
behaviors that lead to obesity, prediabe- 
tes, and diabetes and to learn how to 
modify these variables to prevent and 
manage them. Research in this area re- 
mains associational in nature, but the 
amount of data linking these factors is 
substantial. Efforts aimed toward individ- 
ual behavior change are difficult, with 
extensive data on the failure of weight loss 
programs and the compensatory biologic 
responses that promote weight regain. 
The extent to which the environment 
may limit the effectiveness of prior efforts 
to achieve weight loss and maintenance is 
unclear, but the associations noted above 
clearly point to a potential role for envi- 
ronmental interventions in the initial pre- 
vention of overweight and obesity. 

The American Diabetes Association 
recognizes the association between social 
and environmental factors and the de- 
velopment of obesity and type 2 diabetes. 
To date, the medical model focused pri- 
marily on the individual has provided 
limited benefit in curbing the epidemics 
of obesity and type 2 diabetes. A public 
health approach to alter the environments 
in which we live, learn, and work in order 
to enable healthy behavior and healthy 
lifestyles and, therefore, to promote 
health and prevent disease may hold 
promise for making further progress 
against these epidemics. 

This review provides a number of poten- 
tial targets for intervention to prospectively 
evaluate the role of social and envi- 
ronmental factors in the development 
of obesity and diabetes. Only well- 
designed interventions that focus both 
on the individual and on the social and 
physical environment in which the indi- 
vidual lives will answer the question. Our 



failure to adequately address the growing 
epidemics of obesity and type 2 diabetes 
will soon overwhelm our health care 
system, and investment in targeted re- 
search toward these identified social and 
environmental factors appears to be a pro- 
ductive avenue to improve our nation's 
health. 
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